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SECTION E - CONDUIT 
I. INTRODUCTION 

One of the more critical elements in the safety of a dam is the 
conduit that carries water through the embankment. Not only must 
the conduit be watertight against internal water pressures, it 
must be designed to carry exterior vertical and transverse loads 
to resist structural failure. It must be set on a grade that takes 
into account the magnitude of foundation settlement and the var- 
iation of this settlement along its length. It must allow for 
.readjustment of the individual pipe lengths without failure of the 
joints. These joints must allow for "stretch" in the conduit as a 
result of foundation displacement. And lastly, the backfill must 
be carefully placed along the conduit so that seepage water will 
not find a more favorable path along the contact surface than that 
it must face through the embankment itself. 

These conditions are met in part by the selection of the proper 
conduit type and strength, whether it be a rigid pipe in a concrete 
cradls a flexible pipe, or a monolithic box, set on a grade con- 
sidering camber requirements. Adding anti-seep collars insures 
the path along the contact zone will be a longer seepage line than 
that through the embankment. O £  course all of these precautions 
mean little if the installation does not conform to the requirements 
of the construction specifications. 

11. GENERAL CRITERIA 

Because the conduit is such a vital part in the safety of the dam, 
criteria is very explicit and limiting in those cases where loss of 
life could result from embankment failure. To ensure that these 
limiting criteria are not overlooked, the following tabulation of 
existing engineering memoranda is included and these must be com- 
plied with as each restriction applies: 

1. Engineering Memorandum SCS-27 (Rev.) Earth Dams. 

2. Engineering Memorandum SCS-42 (Rev.) R/C Pipe Drop Inlet 
Barrels. 

3. Engineering Memorandum SCS-58, Corrugated Aluminum Pipe 
and Fittings. 

In addition to the memoranda, procedures for analysis are continued 
in the following : 

1. NEH, Section 6, Structural Design 

2. Technical Release No. 5, The Structural Design of Underground 
Conduits 

3 ,  Technical Release No. 18, Joint Gap Computations for R/C Pipe 
Drop Inlet Barrels 



A p p r o p r i a t e  s p e c i f i c a t i o n s  i n c l u d e :  

Spec. 
Spec. 
Spec. 
Spec. 
Spec. 
Spec. 
Spec. 
Spec. 

No. 41,  R/C P r e s s u r e  P i p e  
No. 51,  Corrugated Metal  P ipe  Condui ts  
No. 52,  S t e e l  P i p e  Condui ts  
No. 541, R/C P r e s s u r e  P i p e  
No. 542, Concrete  C u l v e r t  P i p e  
No. 551, Zinc-Coated I r o n  o r  S t e e l  Corrugated P ipe  
No. 552, Aluminum Corrugated P i p e  
No.  553, S t e e l  P i p e  and F i t t i n g s  

111. CONDUIT TYPES 

A. P r e c a s t  Concrete  P i p e  

Four t y p e s  o f  p r e c a s t  p i p e  a r e  recommended a s  s u i t a b l e  f o r  
u s e  a s  a c o n d u i t  through an  embankment. 

1. ASTM 361, R/C Low Head P r e s s u r e  P i p e  
2. AWWA 300, R / C  S t e e l  C y l i n d e r  Type Non-Prestressed 
3. AWWA 301, R/C S t e e l  C y l i n d e r  Type P r e s t r e s s e d  
4. AWWA 302, R/C Non-Cylinder Type Non-Prestressed 

The procedures  p r e s e n t e d  i n  T e c h n i c a l  Re lease  No. 5 s h o u l d  
b e  used i n  de te rmin ing  s t r u c t u r a l  r equ i rements  o f  t h e  p i p e .  

General  d e t a i l s  o f  p r e c a s t  p i p e  a r e  shown on F igure  E-1. 
The i n s i d e  d i a m e t e r  l i s t e d  on t h i s  f i g u r e  f o r  t h e  d i f f e r e n t  
t y p e s  i n  a l l  i n c l u s i v e .  Inc rementa l  s i z e s  and some t y p e s  a r e  
n o t  a v a i l a b l e  from a l l  p l a n t s .  ~ r e i ~ h t  c o s t s  can add con- 
s i d e r a b l y  t o  c o n s t r u c t i o n  c o s t s  f o r  a p a r t i c u l a r  job and 
shou ld  b e  a c o n s i d e r a t i o n  i n  comparing a l t e r n a t e  d e t a i l s .  

I n  a d d i t i o n  t o  t h e  p r e c a s t  p i p e  l i s t e d  above,  a c o n c r e t e  
c y l i n d e r  p ipe  complying w i t h  F e d e r a l  S p e c i f i c a t i o n  SS-P-381 
h a s  been used i n  composi te  c o n s t r u c t i o n  as a l i n e r  i n  a 
job-placed r e i n f o r c e d  c o n c r e t e  c o n d u i t .  

Condui t  w a l l  rhkcknesses  have been  l i s t e d  i n  Tab le  E-1 f o r  
ready  r e f e r e n c e  a s  r e q u i r e d .  

B . F l e x i b l e  Condui ts  

Of t h e  f l e x i b l e  c o n d u i t s ,  a c o r r u g a t e d  m e t a l  i s  t h e  most 
commonly used.  Cor ruga t ions  may b e  a n n u l a r  o r  s p i r a l  and 
t h e  c o n d u i t  made o f  ga lvan ized  i r o n  o r  aluminum. 

Use o f  c o r r u g a t e d  p i p e  is l i m i t e d  t o  f i l l  h e i g h t s  o f  25'-0" 
o r  l e s s .  



Aluminum pipe shall not exceed 36" diameter and internal press- 
ures shall be limited to 15 feet of head. Aluminum material 
shall not be used where the pH is less than 4 or greater than 
9. 

Where the product of the storage in acre feet times the height 
of the d d  is less than 3000 and meets the conditions above, 
the following tables apply: 

Recommended corrugated metal pipe gages for various pipe dia- 
meters and fill heights are given in 

1. Table E-3 for corrugated steel. 

2. Table E-4 for corrugated aluminum. 

Special precawtions should be taken in the backfill operation. 
Because of its light weight, the pipe will be displaced upward 
when backfilling in the lower third. To avoid this displace- 
ment there is a tendency by the construction crew to under-com- 
pact this material. This results in a poor contact zone between 
the soil and conduit with a potential for piping and eventual 
embankment failure. To insure adequate compaction, .the canduit 
should be preloaded with sandbags to resist the uplift until the 
lower 1200 of the conduit is backfilled. As an alternate the 
pipe can be bedded in concrete. 

Welded steel pipe may be used as a liner for a monolithic conduit 
of small diameter. As such it no longer is classed as a flexible 
pipe. 

C. Monolithic Conduits 

Poured in place conduits are used in many installations for both 
the small diameter as well as the larger box conduit. In the 
small diameter conduit a welded steel pipe is used as a liner 
which serves as an interior form. The joints of this pipe are 
"stab" type with a rubber ring. A trench is excavated to neat 
lines and serves as the bottom and side exterior forms for the 
conduit walls. 

On a non-compressible foundation no joints are provided in the 
concrete. For a compressible foundation a joint similar to the 
detail shown on Figure E-3 or E-5 is used. 

1/ Defined as the difference in elevation in feet between the emergency - 
spillway crest and the lowest point in the original profile on the 
centerline of the dam. 



I V .  

Conduit wa l l  th ickness  v a r i e s  w i th  t h e  s o i l  type i n  t h e  
foundat ion and embankment a s  w e l l  a s  t he  he igh t  of f i l l  over 
t he  conduit .  Figure E-2 was developed t o  s i z e  t h e  conduit  
w a l l  th ickness  and reinforcement  f o r  t r i a l  s e c t i o n s .  Suc- 
ce s s ive  choices  between two types of conduit  embedment con- 
d i t i o n s ,  t h r e e  types  of foundat ions,  and f i n a l l y  t h r e e  types 
of embankment s o i l s  narrows down t h e  problem t o  t h e  t r i a l  
s ec t ion .  An extens ion  of t h e  f i n a l  zone t o  an i n t e r s e c t i o n  
wi th  t h e  he igh t  of e a r t h  cover w i l l  i n d i c a t e  the  governing 
s t r u c t u r a l  condi t ion .  From t h i s  po in t  a v e r t i c a l  p ro j ec t ion  
t o  t h e  W l i n e  upward i n  t he  shea r  zone, downward i n  t h e  moment 
zone, and then a  h o r i z o n t a l  p r o j e c t i o n  t o  conduit  diameter  
w i l l  provide th i ckness  and t r a n s v e r s e  reinforcement requi re -  
ments. Longitudinal  re inforcement  i s  a r b i t r a r y  b u t  should 
c o n s i s t  of a t  l e a s t  e i g h t  # 5  b a r s  f o r  conduit  diameters  
over  12 inches.  L a t e r a l  spac ing  of l o n g i t u d i n a l  b a r s  should 
no t  exceed 12 inches.  

JOINTS 

The i n t e g r i t y  o f  t h e  e n t i r e  i n s t a l l a t i o n  depends t o  a g r e a t  ex t en t  
on j o i n t  d e t a i l .  For concre te  condui t s  any r o t a t i o n  due t o  s e t t l e -  
ment and e longat ion  of t h e  conduit  must take  p lace  a t  t h e  j o i n t s .  
Procedure f o r  c a l c u l a t i n g  j o i n t  e x t e n s i b i l i t y  is  given i n  Technical  
Release No. 18. 

Recommended j o i n t  d e t a i l  f o r  r i g i d  c i r c u l a r  conduits  c o n s i s t s  of 
an r r  II 0 r i n g  rubber gasket  sea ted  i n  a  groove i n  a  s t e e l  s p i g o t  
r i n g  t o  be i n s e r t e d  i n  a  s t e e l  t e l l ,  A s e c t i o n a l  d e t a i l  of t h i s  
j o i n t  assembly i s  shown on Figure E-1. The r e s t  of t h e  j o i n t  
d e t a i l s  shown on t h i s  f i g u r e  a r e  n o t  acceptab le  i n  condui t s  through 
embankments. 

Spigot  r i n g  c ros s  s e c t i o n  w i l l  vary wi th  manufacturer conduit dia- 
meter and j o i n t  ex tens ion  requirement. In western a r e a s  Carnegie 
shape M 3818 and M 3516 a r e  commonly used. The annular  space 
between the  ad jacent  pipe ends should be f i l l e d  wi th  a  mas t ic  
j o i n t  s e a l e r  f o r  j o i n t  f l e x i b i l i t y  i n s t e a d  of the  cement grout  
normally recommended by t h e  manufacturer.  

The b e l l  and s p i g o t  j o i n t  is  used f o r  both the  p recas t  pipe a s  
w e l l  as t h e  composite cons t ruc t ion  (shown i n  Figure E-6).  

For monoli thic  concre te  condui t s  with a r ec t angu la r  opening t h e  
j o i n t  d e t a i l  w i l l  vary wi th  conduit  s i z e .  Several  d e t a i l s  a r e  
shown on Figures E-3 and E-5. 

The Carnegie shape j o i n t  mentioned above is  recommended f o r  
welded s t e e l  pipe. An a l t e r n a t e  j o i n t  would be a Dresser  coupling. 
Leas t  d e s i r a b l e  i s  a  welded j o i n t .  

For corrugated metal condui t s  t he  w a t e r t i g h t  coupl ing band i s  used. 



V. ANTI-SEEP COLLARS 

To insure that any seepage along the contact surface between the 
conduit and embankment will be less than that through the soil 
itself, anti-seep collars are used. These are projections from 
the conduit that effectively increase the length of the seepage 
path. 

Anti-seep collars must be structurally independent of the conduit. 
To insure this, roofing felt and preformed joint filler is used 
in the contact surfaces between the conduit and collar. 

If the collars are placed too close together, the seepage path 
would tend to bridge the space between the collars since this is 
the path of least resistance. Although keeping the seepage from 
the conduit-soil contact surface, close spacing would require an 
excessive number of collars. Anti-seep collar spacing should be 
restricted to a minimum of 10'-0 and a maximum of 25'-0. 

The length of the projection and the number of anti-seep collars 
varies with agency requirements. Normally a 2'-0 vertical pro- 
jection is recommended and a number of collars equivalent to a 15% 
increase in conduit length. Various soil types and zoned embank- 
ments add to the design problem. To simplify the proportioning of 
anti-seep collars, Figure E-8 was developed. On it, embankment 
types and soil types are considered in selecting either a 15% (1.T5) 
or a 20% (1.20) increase in seepage length. In zoned fills the 
vertical projection should be increased so that close spacing can 
be avoided and still retain the collars in the impervious zone where 
they will do the most good. 

VI. CAMBER IN CONDUITS 

Foundation settlement can be expected under the combined.weight of 
an embankment and the water impounded in the reservoir. The mag- 
nitude of settlement is a function of the applied load; depth, 
relative density, moisture content and permeability of compressible 
foundation materials; and time. Generally clays, silty, clays and 
medium and high plastic silts are the most compressible materials. 
Settlement characteristics of these materials must be determined by 
consolidation tests on undisturbed samples. The magnitude of settle- 
ment is computed using procedures of Standard Drawing 7-N-15474 
(not included here) and is part of embankment design. 

Camber is designed for a conduit so that as settlement occurs, the 
invert of a cambered conduit theoretically approaches uniform slope. 
Camber for a conduit can be defined as a curve which approximates 
the inverse of the settlement curve. If a conduit is not cambered 
a sag will develop as settlement occurs, the conduit joints will 
spread at the bottom, the conduit can leak and cause serious 
damage to the structure. 



Camber is designed f o r  a  conduit  i n  a d d i t i o n  t o  computing t h e  
j o i n t  e x t e n s i b i l i t y  requirements i n  accordance wi th  Technical  
Release 18. Set t lement  does not  occur  a s  a gradual  advancement 
of a  smooth curve. Although t h e  f i n a l  s e t t l emen t  curve is  
approximately a  uniform curve,  enough i r r e g u l a r i t y  w i l l  e x i s t  
i n  t h e  conduit  p r o f i l e  t o  r e q u i r e  adequate j o i n t  e x t e n s i b i l i t y .  

The s imples t  method of  computing camber i s  t o  use  two l eng ths  of 
uniform s lope  a s  shown i n  Figure E-10. This  method i s  used only 
f o r  s h o r t  condui t s  wi th  small  s e t t l emen t .  The j o i n t  a t  t h e  grade 
change is  the  only one designed n o t  t o  spread as se t t l emen t  occurs .  

A pre fe r r ed  method i s  t o  design a curve approximating t h e  inve r se  
of t h e  se t t l emen t  curve. Theore t i ca l ly ,  a l l  j o i n t s  on such a  
curve a r e  designed no t  t o  spread a s  s e t t l emen t  occurs ,  A procedure 
f o r  t h i s  method is given below. 

Because of t h e  many v a r i a b l e s  a f f e c t i n g  t h e  magnitude of s e t t l e -  
ment, i t  is  unwise t o  innocent ly  assume t h a t  a l l  foundat ions can 
be  t r e a t e d  a l i k e .  However, f o r  s m a l l  dams l e s s  than 30 f e e t  high 
on shal low foundat ions,  t h e  magnitude of s e t t l emen t  i s  sma l l ,  
p r e c i s e  computations f o r  camber a r e  seldom j u s t i f i e d  and the  follow- 
i n g  general  assumptions can be made, 

1. Shallow foundat ion i s  def ined  as depth t o  noncompressible 
ma te r i a l  l e s s  than  one-half t h e  he igh t  of dam. 

2. Depth of compressible foundat ion i s  uniform under t h e  dam. 

3. Set t lement  curve i s  a pa rabo l i c  curve wi th  maximum se t t l emen t  
near  t h e  c e n t e r l i n e  of t he  dam. 

4 .  Maximum se t t l emen t  can be es t imated  t o  be 4 percent  t o  5 percent  
of foundation depth when not  otherwise computed. 

I n  the  following procedure c e r t a i n  i tems a r e  f ixed  by s i t e  condi- 
t i o n s  and the  embankment design.  These inc lude :  

1. L - Tota l  l eng th  of conduit .  

2. Y - Tota l  drop between i n l e t  and o u t l e t  of conduit .  

3 ,  A - Magnitude of s e t t l emen t ,  assumed t o  be l a r g e s t  a t  
embankment c e n t e r l i n e .  

4. 6 - Camber h e i g h t  a t  po in t  X. 

5.  R - Length of s tandard  p ipe  o r  conduit  s e c t i o n s  t o  be 
used. ( 9  is a p a r t i a l  l eng th . )  

A j o i n t  should be  placed a s  near  a s  poss ib l e  t o  the  c e n t e r l i n e  of 
t h e  dam. Negative s lope  i n  t he  cambered conduit  should be avoided. 
Use zero s lope  through those  reaches where camber design i n d i c a t e s  
nega t ive  s lope  i s  necessary.  



Figure  E-ll  i s  a  dimensionless  p l o t  of  s e t t l emen t  vs. condui t  
l e n g t h  f o r  a  pa rabo l i c  s e t t l e m e n t  curve. 

Table  E-2 conta ins  d a t a  f o r  computing maximum d e f l e c t i o n  ang le  a t  
a  j o i n t  f o r  va r ious  l e n g t h s  of  s t anda rd  r e in fo rced  conc re t e  pipe.  

Procedure f o r  Tabular  Computations 

1. Determine number of  p ipe  l e n g t h s  r equ i r ed  (n = lowest  whole 
number) . 

2. Determine +? = L - nG 

1 3 .  Determine L1 " - W + Z(E1.  top  of  Dam - El. I n l e t ) .  
2 

This  should be  a  m u l t i p l e  of R s o  t h a t  a  p ipe  j o i n t  f a l l s  
n e a r  c e n t e r l i n e  of  dam. 

4. DetermineL = L - L 1  2 

5 .  Determine average uniform s l o p e  and t a b u l a t e  e l e v a t i o n  of  
average grade l i n e  a t  each p ipe  j o i n t  (Col. 7 ) .  

6. Compute camber: Refer t o  page E-9 and 1 0  f o r  t a b u l a t i o n  form, 

a .  Tabulate  R and R (Col. 2 ) .  
1 2 

b.  Tabulate  C R  and C R 2  (Col. 3) 
1 

C R 1  C R 1  c. Tabulate  - and - ( ~ o l .  4) 

1 2 
6 d. From Figure E-11 read  - ( ~ o l .  5) 
A 

6 e ,  Compute camber = 6 = - a ( c o ~ .  6) 
A 

f .  Tabulate  average grade e l e v a t i o n  - e l e v a t i o n  of i n v e r t  
a t  upstream end l e s s  drop pe r  l e n g t h  of p ipe  (Col. 7). 

g. Compute camber grade e l e v a t i o n  = average grade e l e v a t i o n  
p lus  camber (Col. 6 + Col. 7) = (Col. 8). 



V I I .  EXAMPLE 

Given: The e a r t h  dam d a t a  used i n  t h e  example problem o f  
S e c t i o n  B ,  and c h o i c e s  o f  20 in.. s t e e l  p i p e ,  2 1  i n .  
R/C p i p e ,  o r  24 i n .  CMP. 

Top of dam E /  /25.0 

Center of  gate 1 E l  I02 2 

A = 0.4 f t  (determined by s o i l s  e n g i n e e r )  

R = 16 f t  ( u s e  s t a n d a r d  p ipe)  

Determine: 1. Camber f o r  t h e  o u t l e t  c o n d u i t  by computing 
j o i n t  e l e v a t i o n s .  

2.  The number and s p a c i n g  of c o l l a r s ,  comparison 
o f  c o n d u i t  t y p e s  and q u a n t i t i e s  f o r  20 i n .  
s t e e l  p i p e ,  2 1  i n .  R / C  p i p e  and 24 i n .  CMP. 

Problem Analys i s  : 

1. Find camber: 

a. Determine c o n d u i t  l e n g t h .  
b .  Determine t h e  number o f  f u l l  p i p e  l e n g t h s .  
c. Determine Ll and L2. 
d. Determine t h e  average  un i fo rm s l o p e .  
e. Determine d rop  p e r  p i p e  l e n g t h .  
f .  T a b u l a t e  R1 and R 2 .  



g. Tabulate  C R 1  and C R 2  (no te  2  h o r i z o n t a l  s c a l e s  on 
F igure  E-6) 

C R 1  
h. Tabulate  - C R 2  - 

1 L2 

6 i. Determine - from Figure  E-11. 
A 

j. Determine 6 
k. Determine average grade e l e v a t i o n .  
1. Determine camber grade e l eva t ion .  

2. D e t a i l s :  

a .  Determine the number of  c o l l a r s ,  Figure E-8. 
b. Determine encasement and c o l l a r s  f o r  20 in .  s t e e l  pipe.  
c. Find combination of 21  in .  R /c  p ipe ,  c r a d l e  and c o l l a r  

meeting s t r e n g t h  requirement.  
d. Check minimum gage and diaphragm s i z e  f o r  24 in .  CMP. 

So lu t ion  : 

U s e  L1 = 80 f t  = 5 p ipe  l e n g t h s  

Number of f u l l  p i p e  l e n g t h s  = -121. = 8 
16 

L2 = 131 - 80 = 51'  = 3 - 16 '  l e n g t h s  = 1 - 3 '  l eng th  

Drop pe r  l e n g t h  o f  p ipe :  Dl = 16(0.010) = 0.16 

J o i n t  

No. 

I;? 
6 

Average 
Grade 

Eleva t ion  

Camber 
Grade 

E leva t ion  
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Camber 
Grade 

E l e v a t i o n  

100.71 
100.43 
100.08 
100.00 

2 .  Details 

t 1 

J o i n t  
No. 

a. Determine t h e  number o f  c u t o f f s  and spac ing :  

The dam i s  a  homogeneous embankment t y p e  (1)  w i t h  CL 

6  

6 

m a t e r i a l .  R e f e r r i n g  t o  F i g u r e  E-8 shows t h a t  t h e  1.15 
c h a r t  is  recommended. E n t e r  t h e  1 .15 c h a r t  w i t h  L'  = 
111 f t  and r e a d  V = 2.5 f t  f o r  n  = 4 ,  V = 2.0 f t  f o r  
n  = 5 ,  and V = 1 . 5  f t  f o r  n  = 6. S ince  V a 2.0 f t  Is 
recommended as a n a t i o n a l  s t a n d a r d ,  u s e  n  = 5. The 
s p a c i n g  is  t h e n  determined by S = L' o r  S = 111 = - 
18.5 f t ,  u s e  S = 18.5 f t .  n  4- 1 6 

7 

Average 
Grade 

E l e v a t i o n  

2  

R 2  

b. Check 20" R / C  m o n o l i t h i c  c o n d u i t .  

Using a p r o j e c t i n g  c o n d u i t  c o n d i t i o n  w i t h  a  f o u n d a t i o n  
o f  h igh  l i q u i d  l i m i t  c l a y ,  an  embankment m a t e r i a l  w i l l  
be  assumed t o  b e  of low p l a s t i c i t y .  

3  

X2 
o r  

x k2 

With a h e i g h t  o f  e a r t h  cover  of 25 f t  and a  p i p e  d iamete r  
o f  20 i n . ,  e n t e r  F igure  E-2 as shown by example. Find 
t = 6 in .  (minimum t h i c k n e s s )  and s t e e l  = #5 @ 12 i n .  

Q u a n t i t i e s  from T a b l e  J-El show t h i s  condui t  t o  , r e q u i r e  
(131) (0.19) = 24.9 cu yd o f  c o n c r e t e  and (131) (11.04) = 
1446 l b  o f  s t e e l .  

4 1  5 
I 

Using D + 2 t  = 2'-8'' and V = 2.0 f t  from Table  J-E2, f i n d  
t h e  a n t i - s e e p  c o l l a r s  r e q u i r e  (5)(0 .847)  = 4.2 c u  yd o f  
c o n c r e t e  and (5 ) (47 .2 )  = 236 l b  o f  s t e e l .  

- EL2 

L 2 

c .  Check 21" R / C  c o n d u i t ,  

6 - 
A 

Table  J-E4 l i s t s  21" R / C  p i p e  a s  b e i n g  a v a i l a b l e  mee t ing  
t h e  AWWA C-302 ( f c  = 6000 p i ) ,  ASTM C-361. 

Using t h e  p rocedures  a s  p r e s e n t e d  i n  Techn ica l  Re lease  5 
f i n d  t h e  combinat ion of p i p e  and c r a d l e  t h a t  s a t i s f i e s  t h e  
s t r e n g t h  requ i rements .  



d. Check f o r  24" CMP. 

I f  c o r r u g a t e d  m e t a l  p i p e  i s  a c c e p t a b l e ,  minimum p i p e  
gages a r e  l i s t e d  i n  Tab les  E-3 and E-4. 

For a f i l l  h e i g h t  o f  25 f t ,  f i n d  r e q u i r e d  p i p e  gage of  
16 f o r  c o r r u g a t e d  s teel  and 1 2  gage f o r  aluminum. 

For e i ther  s t e e l  o r  aluminum, t h e  s t a n d a r d  manufactured 
a n t i - s e e p  c o l l a r  is  72" x 72" o f  1 4  gage m a t e r i a l .  D e t a i l s  
f o r  b o t h  c o l l a r  and c o u p l i n g  band are shown on F i g u r e  E-9. 





CONCRETE CYLINDER REINFORCED CONCRETE 

ASTM Designation C361 
Diameters 12 thru 168 inch 
Pressures to 125; feet of head 

AWWA Standard ~ 3 0 2  Federal Specification SS-P-381 
Diameters 12 thru 36 inch; 

Presfires to 25+f 
Prestressed 

AWWA Standord C300 
Not prestressed 

Diameters 2 0  thru 96 inch 
Pressures 4 0  thru 2 6 0  psi 

AWWA Standard C302 
Diameters 12 thru 96 inch 

Pressures less than 45 psi 

AWWA Standard C301 
Prestressed 

Diameters 12 thru 96 inch 
Pressure as specified 

a 
z 
a 
W 

3 
a 

ASTM Designation: C 76 
Diameters 12 thru 108 inches 

AWWA Standard C302 

AWWA Standard C302 

Note: - 
Alternate Joint Detai/s shown a r e  

typico/ o f  the variation in joint types 
that a r e  avai /ob/e for most classes of 
pipe. They ore not a / /  acceptable on 
conduits thru dam embankments. 

The ring assemb/y detai/ shows a stee/ 
ring joint for- minimum joint extensibi//ty. 

JOINT DETAIL 

; 6 4  

+lgOt ring. \ ' - g ~ u b b e r  gasket., 
Carnegie I s= 

shape M- 
orcquivolent-a-' Z -S k: 

m I i .,re FIGURE E - I  

TYPES OF PRECAST 
CONCRETE PIPE 
EW P Unit Portland, Oregon 

SECTIONAL DETAIL RING ASSEMBLY 



FIGURE E-2 

MONOLITHIC R / C  CONDUIT 
WITH STEEL LINER 

EWP Unit Portland, Oregon 



wotersfop 

1 " 2 Pf 
f i l ler  

A L T E R N A T E  

/ A n t i -  seep collar 

Steel //her with sfob 6" double bulb 
jo in tsandwofersea l  n- 

Steel 
p late 

W -I I--8 

S E C T I O N A L  E L E V A T I O N  

Note: 
ANTI - 

Max. joint spac~hg = 32.0' 

Refer to Figure E - 2  for fhichness 
and re inforc ing reouirernenfs 

SEEP 

f 

I 

E N D  V I E W  

COLLAR 
FIGURE E-3 

R/C MONOLITHIC  
CONDUIT DETAIL - 
EWP Unit Portland, Oregon 



Note.' 
Use 8 /ongitudino/ 

burs when 0 > /2" 

Str 

SECTION @ 

BAR TYPES 
Not to  S c a l e  

SPC 

Use when construction drawings ore to be 
reduced one hdf  size 

- pp 

STEEL SCHEDULE 

CONDUIT ENCASEMENT 

Location 

Use when consfruction drawings ore to be 
reproduced fu// size 

Mark 

FIGURE E - 4  

CONDUIT ENCASEMENT 

1 

C 01 

C 02 

C 03 

R/C MONOLITHIC 
CONDUIT DETAIL 
EWP Unit Portland, Oregon 

Size 

C o/ 
C 02 

C 03 

SPC 

T 2  

S t r  

Quan. 

- 

. , 

- - 

Length 
- 

- - 

SPC 
2 

S t r  

Type A B 
L 

Total 
Length 



Alternote  I 

H Preformed joint f i / /er 

:.:.:.: (3 . .: ' .' . .' ' ,. : . E/ec fro ver t water stop 

..., . * -  

a A>.:; ...... ' :. ... ;, + . Pin we/ded to cover ~ / a l e  
.. i , . 

-+----- Asphdt coated steel p/ate 
(Cost in p/acej 

Bottom Member f " x 2" str;p of pre f m d  /oint 
(Cast in place) 

8" threaded stud 

-Steel p/ate 

filler 

Side and Top Member 

Alternate 2 

11 

J " rubber water stop 

f 2 bo/ts used to deve/op compression 
in the wafer stop) 

Alternate 3 

Copper water stop 

2;'' to 3'. 

FIGURE E- 5 

MONOLITHIC OUTLET CONDUIT 
JOINT DETAILS 

E W P  Unit Portland, Oregon 



OUTLE 

FRONT ELEVATION 

SECT IOML ELEVATION 

w 
NOT TO SCALE FIGURE E-  6 

T CONDUIT AND ANTI - SEEP COLLAR OUTLET CONDUIT 
COMPOSITE CONSTRUCTION 

E WP Unit Portland, Oregon 





JOINTS SEALED WITH RUBBER L 
GASKET I N  POSITIVE GROOVE ---,I- \ -1 PlPE JOINT 

T-- APPROVED JOINT SEALER 

DISPLACEMENT CHARACTERISTICS 

SECTION CAPACITY 

INCHES RADIANS 
TYPICAL ARTICULATION JOINT 2 BLOCKS, OPTIONAL L-& PREFORMED JOINT FILLER 

DETAIL OF PlPE CONDUIT 
SECTION ON k -A2  CRADLE SHOWN 

WHEN A1 CRADLE USED: 
CUT LONGITUDINAL BARS AT 3'' FROM EACH 
SIDE OF ARTICULATION JOINT. USE NO DOWELS. 

JOINT ROTATlON CAPACITY 

PRIOR APPROVAL OF PlPE AND PlPE JOINT DETAIL 
PROPOSED FOR USE, TO BE REQUIRED BY THE SPEC,- 
IFICATIONS. 

CLASS (a) DAMS MORE THAN 50 FT. HIGH, AND A L L  CLASS (b) AND CLASS (c) DAMS ALTERNATE FOR CLASSIa)DAMS LESS THAN 5 0  FT. HIGH 
I', 

PREFORMEDJOINT '1 
FILLER, 18'' WIDE -----j 

SECOND POUR, 
POUR WlTH CRADLE 

PREFORMEDJOINT 

FILLER, 12" WIDE €1 
F- 

\ 

$"DIA BUT NOT 
LESS THAN 6" 

*4@12 HORlZ 

#4@12 VERT 

-BOTTOM 
OF CRADLE L BOTTOM OF 

CRADLE 

-I SECTION E-E SECTION F- F 
(SHOWING STEEL) 

ROOFING FELT APPROX WT 
AND SMOOTH 5 5  LBS PER SQUARE 

C 

' J  
1 

ONE LAYER OF HEAVY, SN 

c A FINISH COLLAR SURFACE, ASPHALT TREATED, (SHOWING STEEL) 
SURFACE TRUE ROOFING FELT APPROX WT 
AND SMOOTH SIDES OF ANTI-SEEP COLLARS 

5 5  LBS PER SQUARE. TO BE FORMED ABOVE BOTTOM 

DETAIL SHOWN FOR EARTH FOUNDATION FOR ROCK 
OF CRADLE MAX SPACING OF 

FOUNDATION, FOUND BOTTOM OF CRADLE ON ROCK 
COLLARS=25' 

LINE AND KEY COLLAR 6"  INTO ROCK 

DETAIL OF ANTI-SEEP GOLLAR 

4 9 C  
IOOTH SECTION 8 - B  SECTION C- C 

MAX. SPACING OF COLLARS =25:  
DETAIL SHOWN FOR EARTH FOUNDATION. FOR ROCK 

FOUNDATION, FOUND BOTTOM OF CRADLE ON ROCK 

LINE AND KEY COLLAR 6"lNTO ROCK 

DETAIL  OF ANTI-SEEP GOLLAR 

A l .  CRADLE A2 CRADLE 61 BEDDING A1 CRADLE A2 CRADLE El BEDDING 

PlPE AND CRADLE OR BEDDING ALTERNATES 
M I N I M U M  T H R E E  EDGE B E A R I N G  T E S T  STRENGTH L O A D  

SCOPE: 

I. Pipe Diometers: 
~ = 2 4 ' :  30, 36, 42,  ond 4 8  

C R I T E R I A :  

I. Materlols (except ptpe): 
Concrete: Class 8, f c '=4000  psi, fc=1600 psi 

Re~nforcing Steel: ln termed~ate grade 

2. Applicable Criterio: 
Engineering Memorondum SCS-27 

Engmeering Memorandum SCS-42 (rev.2) 

Technlcal Release No. 5 

Technlcal Releose No. 18 

FIGURE E- 7 

OUTLET CONDUIT DETAILS 
EWP Unit Portland, Oregon 

REFERENCE: 
ES 154 



Minumum Number (n) of Anti-Seep Collar Required 

0 
E M B A N K M E N T  T Y P E S  

0 

. I Minimum Number ( n )  of Anti-Seep Collars Required 

H O M O G E N E O U S  E M B A N K M E N T  Z O N E D  E M B A N K M E N T  

Core material in zoned embankm'ent 
I I 4 

3 , 4 ,  5 , 6  1 . 2 0  
ML, SM 1 . 2 0  

S O I L  
CLASSlFlATlON 

F I G U R E  E- 8 

CONDUIT ANTI- SEEP 
COLLAR SELECTION CHART 

EWP Unit Portland, Oregon 

: 

EMBANKMENT 
TYPE USE CHART 



. 'Install diaphragm with 
' I corrugations vertical 

:I 
:I 

$X 2" slotted holes *I for  U" dia. bolts 

2 3  Space 8"c - Space 8"c-c 

I 

nk lugs for conn - 

ELEVATION OF U N A S S E M B L E D  DIAPHRAGM 
( No scale 1 

Notes: 

I. A l l  materials to  be in accordance with applicable S. C . S .  construction material 
specifications. 

2. Unassembled diaphragms shall be marked by painting or tagging to  identify 
matching pairs. 

3. The lap between the two half sections and between the pipe and connecting band 
shall be caulked with asphalt mastic a t  time of installation. 

4. Welding may be substituted for rivets in fastening 2I1x 2"x 3 ~ 1  L s  to p~pe.Welds 
must be on each side o f  angles and on each corrugation ridge in contact with angle. 

5. D =outside diameter of W.S.Pipe or nominal diameter of C.M.Pipe. 

6. Al l  corrugated metal pipe diaphragms shall beaspholt coated after 
shop fabrication hos been performed. 

I ~ ~ ~ ~ ~ ~ . = ~  ,Provide 4 holes 

f 0.r '/211 X 4 V2l1 
carriage bolts 

both sides 

Corrugated metal 
sheet welded to  
center of band. 

FABRICATION TABLE FOR 
C. M. DIAPHRAGM 

I I I 

I DIA. .it * 3i Dl APHRAM DIMENSIONS 
SIZE W(W1DTH) I H(HEIGHT 

S E C T I O N  B - B  
*Minimum gage for"Livestock Water Tanks and 

other dams not over 10 feet high. 

* * ~ i n i m u m  gage for all other dams - 12'' dio. 
smallest size allowed. 

FIGURE E-9  

CORRUGATED METAL DIAPHRAGM 

ANTI-SEEP COLLAR 
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TABLE E-1 

WALL THICKNESS 
STANDARD R/C AND CYLINDER PIPE 

Conduit 

I n s i d e  
Iiameter 

inches 

12 

Wall Thickness t inches  (minimum) 

AWWA 

C-300 

ASTM 
C-361 C-301 

Lined 
Cylinder  

'6-76 C-301 
Embedded 
Cylinder  

C-3Q2 
fk = 6000 

p s i  

C-302 
f: = 4500 

p s i  



TABLE E-2 

CAMBER DATA 

Remarks 

I 

I 

I. D. - In .  

I 

1 2  

M a x i m u m  j o i n t  
gap = 

O.D. x s i n  a 

Approx. 
d e f l e c t i o n  
per  j o i n t  (a) 

3O 05'  

Sin  a 

.0541 

M i n i m u m  radius 
of curve - 

3 2  f t .  l eng ths  

594 ' 



TABLE E-3 

RECOMMENDED CORRUGATED STEEL PIPE GAGES 

I Conduit 
Diameter I Fill Heigbt - feet 

TABLE E-4 

RECOMMENDED CORRUGATED OR SPIRAL ALUMINUM PIPE GAGES 

Conduit 
Diameter 

inches 

Fill Height - feet  






